(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) International Publication Number 

22 March 2001 (22.03.2001) PCT WO 01/19586 Al 



(51) International Patent Classification 7 : B29C 33/42 

(21) International Application Number: PCT/SE00/01755 

(22) International Filing Date: 

1 1 September 2000 (1 1.09.2000) 



(25) Filing Language: 

(26) Publication Language: 



Swedish 



English 



(30) Priority Data: 

9903255-9 13 September 1999 (13.09.1999) SE 

(71) Applicant (for all designated States except US): AMIC 
AB [SE/SE]; Uppsala Science Park, S-751 83 Uppsala 
(SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): 6HMAN, Ove 
[SE/SE]; Asplunda, Uppsala-Nas, S-755 91 Uppsala (SE). 
LARSSON, Olov [SE/SE]; Ruddammsvagen 35 A, S-114 
21 Stockholm (SE). 

(74) Agents: JOHANSSON WEBJ6RN, IngmarietaL; L. A. 
Groth & Co. KB, Box 6107, S-102 32 Stockholm (SE). 



(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 

CH, CN, CR, CU, CZ, CZ (utility model). DE, DE (utility 
model), DK, DK (utility model), DM, DZ, EE, EE (utility 
model), ES, FI, FT (utility model), GB, GD, GE, GH, GM, 
HR, HU, ID, JL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK 
(utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZW. 

(84) Designated States (regional): AR1PO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, B J, CF, CG, 

CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: A METHOD FOR THE MANUFACTURING OF A MATRIX AND A MATRIX MANUFACTURED ACCORDING 
TO SAID METHOD 




(57) Abstract: The present invention relates to a method for 
the manufacture of a matrix, and a matrix manufactured in ac- 
cordance with the method. The matrix (2) is in the form of 
a mould-cavity insert provided with a negative microstructure 
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A METHOD FOR THE MANUFACTURING OF A MATRIX AND A MATRIX 
MANUFACTURED ACCORDING TO SAID METHOD 

Technical field 

5 The present invention relates in the first place to a method for the manu- 

facture of a matrix suitable for use as a mould-cavity insert in a compression- 
moulding, embossing and/or injection-moulding machine, and particularly to a 
matrix having one surface, or a part thereof, provided with a microstructure, which 
microstructure is reproducible on the surface of a plastic component as a com- 

10 plementary microstructure in a machine used, said component being formed of a 
plastic composite or plastic material used. 

The invention relates in the second place to a matrix manufactured in ac- 
cordance with the method, which is suitable for use in a compression-moulding, 
embossing and/or injection-moulding machine. 

15 Matrices of the type under discussion can be manufactured by having a 

master or an original, with a (positive) microstructure on its surface coated with a 
number of layers of metal, removing the metal layers, with a (negative) micro- 
structure, from the master, which thus forms a metal plate serving as a matrix or 
mould-cavity insert in the compression-moulding, embossing and/or injection- 

20 moulding machine. 

The expression "positive" surface structure shall be understood to mean 
the surface structure that appears on a plastic component produced from the 
plastic material in a machine, and "negative" surface structure shall be understood 
to mean its inverse surface structure, i.e. the surface structure displayed by a ma- 

25 trix or mould-cavity insert in the machine used. 

"Plastic composite" shall be taken to mean a mixture of a polymer material 
and a curable filler material, where the filler material is usually in excess. 

The method associated with the present invention shall be deemed appli- 
cable for directly producing a matrix or mould-cavity insert for a machine for 

30 moulding plastic components, which may then be considered as an original, an 
original from which another matrix, an original, can be produced, from which a 
replicated original can be manufactured, etc. 

A person skilled in this technical area will perceive that a method for ma- 
nufacturing a matrix serving as a mould-cavity insert could very well be used for 

35 manufacturing an original, from which said matrix is formed, a superior original 
from which said original can be formed, and so on. 
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Background art 

When replicating microstructures on plastic components manufactured in 
a machine of the type described in the introduction, it is known and usual to first 
manufacture an original or master in a suitable manner, and from this master ma- 
5 nufacture a matrix in the form of a mould-cavity insert for the machine. 

A known method of manufacturing such a master entails the use of known 
lithographic methods. 

It is in this case advantageous to select lithographic methods that have 
been developed primarily for use in the micro-electric field. 
10 One of these methods is based on performing etching and/or depositions 

on the surface of a semiconducting material. 

Other methods are based on removing parts of the material with the aid of 
a laser, so-called laser ablation, using conventional NC machines, with the aid of 
a precision-controlled diamond cutter with high-speed spindle, with the aid of wire 
15 or electro-erosion and/or some other suitable method. 

Such originals or masters are usually manufactured in a material suitable 
for the selected treating method. 

In the case of lithographic processes, therefore, the material is usually a 
plate or a sheet of silicon, glass or quartz, whereas for laser ablation, the material 
20 selected is usually a plate or a sheet of a plastic composite and/or a polymer. 

For material machining both plastic and relatively soft metals may be suit- 
able. 

It is well known that the demands placed on a selected replication process 
for a certain choice of material in the matrix or mould-cavity insert and the plastic 
25 component are not the same as those that must be placed on the original or the 
master. 

It may thus be mentioned that when injection-moulding plastic compo- 
nents in a machine, in which one or more surface parts shall display a micro- 
structure, mould halves pertaining to the machine and matrices or mould-cavity 
30 inserts used for one or both mould halves must be made of a stable material that 
will withstand the high pressures prevailing during the manufacturing process, and 
that will not be worn down unnecessarily quickly by the thermal and mechanical 
wear the mould parts and matrix are subjected to during the moulding process. 
It is known to manufacture such matrices, particularly matrices used in 
35 microsystem context, by having the shape and surface structure of a master 
transfer to a metal sheet formed as a matrix. 

Such manufacture is based on first manufacturing a master on the surface 
of a plate or sheet of glass, a semi-conducting material or metal, coating the sur- 
face with a light-sensitive layer and, via laser or the like, exposing selected sur- 
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face sections of this light-sensitive layer, and then washing and cleaning these 
selected surface sections. 

A metal layer is then applied on this exposed and cleaned surface by 
means of a sputtering process and/or a vaporising process and, if necessary, a 
5 plating process for a sufficient length of time for a metal sheet to be formed. 

When the metal sheet is removed from the master it can display a first 
surface with a negative microstructure and can serve as a matrix or a mould- 
cavity insert, after additional machining, a plaining machining, of a second surface 
facing the mould half in the machine. 
10 This is the method that is currently used for manufacturing a matrix or 

mould-cavity insert for inclusion in an injection moulding machine, intended for the 
manufacture of optical plates or discs. 

It is known to coat an electrically insulating plate or disc serving as master 
or matrix and having a microstructure, with a thin layer of metal by means of a 
1 5 sputtering and/or vaporising process. 

It is known to coat an electrically insulating plate or disc or layer serving 
as matrix and having a microstructure, with a considerably thicker layer of metal 
by means of a plating process. 

It is known via a plating process to coat a disc intended as matrix, with an 
20 electrically conducting layer such as nickel, silver, gold or the like. 

It is also usual to have an applied metal layer contacted and a disc im- 
mersed in a solution consisting of, amongst other things, metal ions, whereupon a 
current is forced through the solution towards the disc and metal ions are precipi- 
tated out as a pure metal on the surface. It is thus possible to produce a structure 
25 in the metal that has a function inverse to the microstructure on the master. 

It has been found that the method described above is simple to use for 
relatively flat structures, particularly when the depth of the microstructure is limited 
to and chosen less than approximately 0.2 Mm. 

In conclusion, it can be ascertained that different methods can be used to 
30 produce originals with different microstructures. 

It is thus known, during working of one and the same material (silicon 
plate or disc) to create, in several processes, different micro and surface struc- 
tures on different surface sections, to be transferred to a matrix. 

The time it takes to manufacture an original is substantially the sum of the 
35 times required for each process used. 

In the following description, thus, a first method is mentioned for manu- 
facturing an original with a first type of microstructure, a second method for 
manufacturing an original with a second type of microstructure, and so on, in 
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which a first matrix manufactured via the first original and a second matrix manu- 
factured via the second original will be used. 

Description of the present invention 

5 Technical problems 

Considering that the technical deliberations a person skilled in the art 
must perform in order to be able to offer a solution to one or more of the technical 
problems posed constitute initially an insight into the measures and/or the se- 
quence of measures to be taken, and also a selection of the means required, the 

10 following technical problems should be relevant in developing the object of the 
present invention. 

Considering the prior state of the art as described above, it would appear 
to be a technical problem to be able to propose a simple method for manufactur- 
ing a matrix adaptable for use in a compression-moulding, embossing and/or in- 

15 jection-moulding machine in which the matrix is provided with a negative micro- 
structure on its surface and which microstructure is reproduced in the machine as 
a positive microstructure on a surface part of a plastic component produced via a 
utilised plastic composite or plastic material, thereby creating an inexpensive ma- 
trix with a sharp microstructure where the matrix may serve as mould-cavity insert 

20 and may display a microstructure section of a first type, or a second type, etc., like 
a hybrid. 

It should also be considered a technical problem, with the aid of a number 
of originals, manufactured in accordance with individual manufacturing processes, 
and/or a number of matrices produced from these originals, to create such condi- 
25 tions that the time required for producing a mould-cavity insert can be substan- 
tially reduced, despite complex surface sections for said insert. 

A technical problem is also entailed in being able, using simple means, to 
create such conditions that said mould-cavity insert can be assigned a micro- 
structure-related first wear surface formed on a first layer, with an adaptable and 
30 relatively high wear resistance. 

It is also a technical problem to be able, using simple means and meas- 
ures, to create conditions enabling a matrix to be built up of at least two layers, a 
thin first wear layer displaying said microstructure-related surface, and a thicker 
layer reinforcing this thin layer, the thicker layer being termed "carrier" in the fol- 
35 lowing. 

It should also be deemed a technical problem to be able to advocate a 
method for manufacturing a matrix in which a first master, with a first chosen mi- 
crostructure, can be produced via a first process and a second master, with a 
second chosen microstructure, can be manufactured via a second process, sepa- 
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rate from the first, and in which the whole or selected parts of matrices manufac- 
tured from said first and second masters are combined to form said matrix. 

It is also a technical problem to be able to perceive the significance of and 
the advantages associated with manufacturing said first master with a number of 
5 similar or dissimilar surface sections, each of these, transferred to a matrix, being 
removable to form a first matrix section. 

It is also a technical problem to be able to perceive the significance of and 
the advantages associated with manufacturing said second master with a number 
of similar or dissimilar surface sections, each of these, transferred to a matrix, 
10 being removable to form a second matrix section. 

It is also a technical problem to be able to perceive the significance of and 
the advantages associated with one or more first matrix sections and one or more 
second matrix sections being applied with their microstructured surfaces on a 
support, where a sheet of nickel such as a flat sheet with polished surface, a mir- 
15 ror surface, is chosen as support. 

A technical problem is entailed in being able to perceive the conditions for 
and advantages associated with said first matrix or a first matrix section, and said 
second matrix or a second matrix section, and/or one or more additional matrices 
or matrix sections, being pressed against the support at least while they are being 
20 covered by a first wear layer. 

It is furthermore a technical problem to be able, using simple measures, to 
create such conditions that the material of a first, thin layer and the material of a 
second, thick layer or carrier can be selected having such properties and/or thick- 
nesses that they can fulfil predetermined requirements and conditions for a 
25 mould-cavity insert. 

It is also a technical problem to be able to perceive the significance of and 
the advantages associated with said matrix being manufacturable by a master 
with a microstructure assigned to its surface being coated with metal by means of 
a metal coating process, and coating the thin metal layer with a plastic composite 
30 to form said carrier. 

It is also a technical problem to be able, using simple means and meas- 
ures, to manufacture a matrix formed substantially or exclusively from a plastic 
composite, usable in a machine, where the time required for manufacture of the 
matrix from a master is considerably reduced, partly by being able to entirely 
35 eliminate, or at least considerably reduce, the time required for forming a flat re- 
verse side of a matrix from the plastic composite, which rear side can abut tightly 
against one of the two mould halves in the machine. 

It is also a technical problem to be able to perceive the significance of 
using a master for the manufacture of the matrix, and applying a thin layer of 
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metal to its positive microstructure surface, and for said metal layer, on the rear 
side of the microstructure, to display irregularities substantially corresponding to 
the microstructure, and to also perceive the advantages of filling said irregularities 
with a supporting plastic composite that, after curing or the like, forms a support- 
5 ing carrier in the form of a layer, instead of building up the entire matrix with a 
thick metal layer. 

It is also a technical problem to be able to perceive the significance of 
such filling of a chosen plastic composite and the formation of a carrier taking 
place in a special mould cavity. 

10 It is also a technical problem to be able to perceive the significance of and 

the advantages associated with the plastic composite, and thus the carrier, being 
selected from a mixture of a plastic or polymer material and a filler material such 
as quartz or metal-filled epoxy or silicon polymer. 

It is also a technical problem to be able to perceive the significance of and 

15 the advantages associated with the plastic composite used, and thus the carrier 
formed, being chosen with a coefficient of linear expansion and/or a heat transfer 
capability and/or a thermal capacitive capability suitable for a chosen process in 
the machine used. 

A technical problem is also entailed in making use of a specifically chosen 
20 curing process in order to assign the chosen plastic composite a hardness and/or 
curing time dependent on the application by supplying heat to selected portions of 
the plastic composite or compound and/or illuminating the plastic composite or 
compound with UV light or, alternatively by the plastic composite being selected 
as a two-component type. 
25 A technical problem is entailed in being able to perceive the significance 

of adapting a first wear layer and/or a thin metal layer and selecting the plastic 
composite, and thus the carrier, with a low heat transfer capability in order to keep 
the plastic compound pressed out into the machine and between the mould 
halves hot. 

30 It is also a technical problem to be able to perceive the significance of and 

the advantages associated with, as well as the dimensioning rules required for, 
applying a second layer on the surface of the carrier facing away from the micro- 
structured surface of the metal layer. 

It is also a technical problem to be able to perceive the significance of 
35 selecting said second wear layer from a material displaying the properties of low 
friction against the flat surface of the mould half and high durability, such as tita- 
nium nitride or DLC (Diamond-Like-Carbon). 

It is also a technical problem to be able to perceive the significance of 
said thin metal layer being applied on the master or original, if this consists of a 
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non-electrically conducting material, by means of a sputtering process and/or a 
vaporising process or, if this consists of an electrically conducting material or an 
applied thin metal layer, by means of a plating process. 

A technical problem is also entailed in, depending on the application in 
5 question, selecting the thickness of the metal layer in the injection-moulding ma- 
chine within predetermined limits. 

A technical problem is also entailed in being able to perceive the signifi- 
cance of and the advantages associated with creating such conditions that plain- 
ing of the rear side of the matrix and the carrier is considerably simplified and/or 
10 entirely eliminated. 

Solution 

To provide a solution to one or more of the technical problems listed 
above, the present invention is based on a method for the manufacture of a ma- 
15 trix, such as one provided with a (negative) microstructure on its surface, which 
microstructure is reproducible in a plastic composite or material as an inverted or 
complementary (positive) microstructure on a plastic component, in an injecting- 
moulding machine. 

The invention is based on said matrix being manufactured by having a 
20 master or an original with a microstructure on its surface coated with a covering 
material. 

The method in accordance with the invention relates particularly to a first 
master with a first chosen microstructure being produced via a first method, a 
second master with a second chosen microstructure being produced via a second 
25 method and, if necessary, one or more additional masters with chosen micro- 
structures being produced via additional chosen methods. 

It is also advocated that said first and second masters, or a matrix formed 
therefrom, be applied or placed with their microstructured surfaces adjacent. 

Said first and second masters or matrices shall thereafter be covered with 
30 a layer pertaining to a first matrix, after which said layer is covered by a thicker 
layer, a carrier. 

Said first and second first layers pertaining to the matrix, and said carrier, 
are now removed from said masters as a matrix-related unit. 

Preferred embodiments falling within the scope of the present invention 
35 propose that said first master is produced having a number of similar or dissimilar 
surface sections, and that each of these, transferred to a matrix, is removed to 
form a first matrix section. 
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Said second master may also be produced having a number of similar or 
dissimilar surface sections, each of these, transferred to a matrix, is removed to 
form a second matrix section. 

One or more first matrix sections and one or more second matrix sections 
5 and/or further additional matrix sections are applied with their microstructured 
surfaces on a support. 

A sheet of nickel may advantageously be chosen as the support, said 
sheet usually consisting of a flat sheet with polished surface, like a mirror surface. 

Said first matrix or a first matrix section, and said second matrix or a sec- 
10 ond matrix section, etc., are pressed against a support at least while they are be- 
ing covered by a first wear layer. 

The first matrix or matrix section has been provided with a first type of one 
amongst several selectable microstructures, the second matrix or matrix section 
has been provided with a second type of one amongst several selectable micro- 
15 structures, and so on. 

In accordance with proposed embodiments of the present invention pour- 
ing in a plastic composite, in order to smooth out irregularities, may be performed 
in a mould cavity. 

It is also proposed that the plastic composite, and thus the carrier, may be 
20 selected from a polymer material and a filler material such as quartz or metal-filled 
epoxy or silicon polymer. 

The plastic composite, and thus the carrier formed, may also be chosen 
with a coefficient of linear expansion and/or a heat transfer capability and/or a 
thermal capacitive capability suitable for a chosen process in and the design of 
25 the injection-moulding machine. 

The plastic composite shall be cured in a manner suitable for injection 
moulding, such as by the supply of heat and/or illuminated by means of UV light. 

The plastic composite could also be selected as a two-component type. 

In accordance with the present invention a plastic composite, and thus the 
30 carrier, located under a hard wear layer serving as wear surface, shall be selected 
with a suitable heat transfer and/or thermal capacitive capability for keeping the 
plastic compound in the machine hot, while at the same time achieving short cycle 
times. 

Also in accordance with the invention said plastic composite, and thus the 
35 carrier, may be coated with a second wear layer on the surface facing away from 
the surface of the first wear layer, in order to reinforce the matrix construction 
against damage due to wear. 

Said second wear layer could consist, for instance, of titanium nitride or 

DLC. 
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In accordance with the invention said thin first wear layer may very well 
consist of a metal layer and this metal layer shall be applied by means of a sput- 
tering process and/or a vaporising process or, alternatively, a plating process. 

In accordance with the invention the thickness of the first wear layer, such 
5 as the metal layer, shall be selected with care, depending on the application and 
the design of the injection-moulding machine. 

The invention also relates to a matrix suitable for use in a compression- 
moulding, embossing and/or injection-moulding machine as described above. 

10 Advantages 

The advantages that may be primarily considered characteristic of a 
method for manufacturing a matrix in accordance with the present invention for a 
compression-moulding and/or injection-moulding machine are thus that conditions 
are thereby created for achieving simple manufacture of the matrix by manufac- 

15 turing a first master via a first process, a second master via a second process 
and, if necessary, producing matrices from these masters and thereafter combin- 
ing said matrices or parts thereof to a matrix which is therefore simpler to produce 
with extremely varied microstructure-related sections, deriving from different 
manufacturing methods for the originals or masters used. 

20 Adaptation of heat transfer and/or thermal capability of the matrix is thus 

possible so that the replication ability is increased in the manufacturing process, 
such as the embossing and/or injection-moulding process, since the plastic mate- 
rial being moulded does not freeze as soon as it comes into contact with the mi- 
crostructured surface of the matrix but retains its fluidity properties sufficiently long 

25 for the microstructure pertaining to the matrix to be efficiently replicated on the 
plastic component produced. 

The features deemed to be primarily characteristic of a method in accor- 
dance with the present invention are defined in the characterising part of the ap- 
pended claim 1 , and the features deemed most characteristic for a matrix in ac- 

30 cordance with the present invention are defined in the characterising part of the 
appended claim 21. 

Brief description of the drawings 

A currently preferred embodiment of an injection-moulding machine in 
35 which a matrix significant for the invention could be used, and a method for 

manufacturing this matrix, as well as a matrix thus manufactured with the features 
significant for the invention, will now be described in more detail with reference to 
the accompanying drawings, in which 
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Figure 1 shows schematically a side view of an injection-moulding machine, 

utilising two mould halves assuming a position co-operating with 
each other, 

Figure 2 shows the machine illustrated in Figure 1, in a position where a 
5 heated plastic compound in the form of a plastic composite is press- 

ed through a fixed mould half to a space, formed between two mould 
halves, in view of compression moulding a plastic component, 
Figure 3 shows the injection-moulding machine when a movable mould half is 

displaced some way from a fixed mould half and the flat plastic com- 
10 ponent is removed from the movable mould half, 

Figure 4 shows in perspective a matrix or a mould-cavity insert for insertion 

into the movable mould half, displaying a microstructure, the micro- 
structure illustrated in simplified form in an enlarged partial view, not 
necessarily to scale, 
15 Figure 5 shows a side view and in section an example of a method for 

manufacturing a matrix of previously known design, 
Figure 6 shows a side view and in section an example of a method for 

manufacturing a matrix in accordance with the invention, 
Figure 7 shows in perspective a first master divided into a number of identical 
20 surface sections, 

Figure 8 shows in an enlarged view and in cross section, details of a matrix 

produced on the matrix illustrated in Figure 6, 
Figure 9 shows a partial section of a first embodiment of a matrix manufac- 
tured in accordance with the invention, 
25 Figure 10 shows a partial section of a second embodiment of a matrix manu- 
factured in accordance with the invention, 
Figure 1 1 shows the use of a mould cavity for manufacturing a matrix with a 

flat rear surface, and 
Figure 12 shows a sequence for manufacturing a matrix in accordance with the 
30 invention. 



Description of preferred embodiment 

The present invention relates to a method for manufacturing a matrix 2 for 
a compression-moulding, embossing and/or injection-moulding machine 1. 
35 This matrix or mould-cavity insert 2 is provided with a "negative" micro- 

structure 2a on its surface, which microstructure 2a is reproducible in the injec- 
tion-moulding machine 1 on a plastic component 3 produced from a plastic mate- 
rial, as a "positive" microstructure 3a. 
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The method for manufacturing a matrix 2 suitable as a mould-cavity insert 
will be described in more detail, primarily with reference to Figures 6, 7, 8 and 12. 

For the sake of simplicity the following description assumes that only the 
movable mould half 1c is provided with a mould-cavity insert 2 having a micro- 
5 structure 2a. However, a person skilled in the art will realise that also the fixed 
mould half 1d could be provided with such a mould-cavity insert. 

Figures 1-3 show schematically an injection-moulding machine 1 provided 
with an ejection rod 1a, a number (three) ejection pins 1b, a movable mould half 
1c and a fixed mould half 1d. 
10 A cavity 1e, shaped to conform with a flat plastic component 3 produced 

by injection moulding, is formed between the movable form half 1c and the fixed 
mould half 1d and displays an inlet 1f. 

Figure 1 also illustrates the use of a "torpedo" or "pine apple" 1g, a cylin- 
der wall 1h, a heating element 1i, an injection ram 1j and a feeding funnel 1k for 
15 granulate or powder 1m. 

Figure 2 illustrates how a heated, fluid plastic compound or plastic mate- 
rial 4 surrounds the torpedo 1g and is pressed by a ram 1j through the inlet 1f to 
the cavity and into the cavity 1e, the mould halves 1c, 1d assuming the united po- 
sition shown in Figure 1 . 
20 Figure 3 shows that the movable mould half 1c is moved a suitable dis- 

tance from the mould half 1d and, with the aid of the ejector rod 1a and ejector 
pins 1b the flat plastic component 3 is released from the movable mould 1c and 
the plastic component 3 falls out of the mould half 1c. 

Figure 4 shows, greatly simplified and in perspective, a matrix 2 shaped to 
25 a plate or disc and provided with an upwardly facing microstructure 2a assigned to 
the surface. 

This microstructure is usually extremely complex. However, a very simpli- 
fied embodiment is illustrated in Figure 4, enlarged but without any claim of being 
to scale. 

30 For the sake of simplicity and clarity the following description will relate 

only to a first raised part 21 , an intermediate recess 22 and a second raised part 
23, all pertaining to the microstructure. 

The matrix or mould-cavity insert 2 is thus provided with a negative micro- 
structure 2a on its surface. 

35 The matrix 2 comprises a disc or plate with a flat lower surface 2b, usually 

a flat, machined surface 2b, and rests against a flat support surface 1c' in the 
movable mould half 1c. 

It is important here that a flat surface 2b pertaining to the matrix is suitable 
for resting against a flat surface 1c' of the mould half 1c, or opposing curved sur- 
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faces, so that the matrix 2 can withstand the compressive forces that will be ex- 
erted during a manufacturing process, i.e. an injection-moulding process. 

Figure 5 shows a cross section through a part of a known matrix 2, the 
cross section being taken through the raised portions 21 and 23, and the recess 
5 22. 

According to the known method, shown in Figure 5, said matrix 2 can be 
produced by a master 5, with a positive microstructured surface, being coated in 
known manner with a metal surface, by using only a plating process. 

Metal layer upon metal layer is thus built up by the plating process, or 
10 equivalent process, on the microstructured surface section 5a of the master 5, so 
that a first metal layer will be able to cover even the lowest point of the micro- 
structured surface part 5a. 

Since such a plating process will provide a metal layer in which the upper 
surface is irregular due to the surface structure 5a, the plating process must con- 
15 tinue to apply metal layer upon metal layer to a total thickness which, over the en- 
tire surface, will exceed a predetermined value or a plane designated 6 in Figure 
5. 

In practice, the previously known method now requires all the metal mate- 
rial placed above the surface 6, designed 6a, to be ground away in some way or 
20 another. 

The plating process for layers as thick as is the case here takes an ex- 
tremely long time, as well as grinding the excess metal material 6a down to the 
plane 6 also being time-consuming. 

The present invention also uses a master 5 for manufacturing a matrix or 
25 mould-cavity insert 2. This master could in principle be manufactured in the same 
way as the master 5 in Figure 5. 

The present invention comprises in the first place a method for the 
manufacture of a matrix or mould-cavity insert 2 provided with a microstructure on 
its surface, which microstructure is reproducible in a plastic material as an in- 
30 verted microstructure in a machine used, said microstructure being manufactured 
by having a master with a microstructure on its surface coated with a layer, and in 
the second place to a matrix thus manufactured. 

The invention is shown in Figure 6 using a first master 51 with a micro- 
structure 51a, manufactured via a first method or a matrix 51' manufactured from 
35 such a master, and a second master 52 with a microstructure 52a produced via a 
second method or a matrix 52' manufactured from such a master, these being 
combined to form a hybrid matrix. 
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A hybrid matrix is a matrix that has a microstructured surface emanating 
from two or more masters or matrices produced from two or more manufacturing 
methods, each appropriate for a chosen microstructure. 

Said first matrix 51 and second matrix 52, or matrix parts 51 \ 52\ can 
S now be applied, with their microstructured surfaces 51a, 52a, against a support 
60. 

Said first and second matrix parts 51 \ 52' can now be coated with a first 
layer, here designated a support layer 7. 

Said layer 7 shall then be covered by a thicker layer, a carrier 8. 
10 Said first and second matrix parts 51 \ 52\ together with said first layer 7 

and said carrier 8 are now removed from the support 60 as a matrix-related unit. 

Should the surfaces, 71, 72, 73 and 74 thus exposed not be suitable for 
direct application in a unit for forming plastic components, it is suggested that the 
surfaces 71 , 72, 73 and 74 in Figure 6 be provided with a wear layer 7\ or the 
15 surfaces 71 , 72, 73 and 74 may form surfaces for manufacturing a new matrix. 

This method is associated with the method shown and described in 
Swedish patent application 99 03232-8, filed 10 September 1999 under the title "A 
method for the manufacture of a matrix and a matrix manufactured according to 
said method". 

20 Figure 7 illustrates that a first master 51 can be manufactured in a first 

manufacturing process, with a number of identical surface sections 51:1, 51:2, 
whereupon a matrix manufactured from this master will also display a correspond- 
ing number of identical surface sections, two of which have been designated 
51 ':1, 51':2, and each of these can be separated in order to form matrix sections, 

25 such as a first matrix section 51 ':1 in Figure 4. 

Said second master can also be manufactured having a number of identi- 
cal surface sections, and a matrix manufactured for this master can also display a 
corresponding number of identical surface sections, and each of these 52':1 can 
be separated to form a second matrix section. This is not shown in more detail but 

30 is obvious to one skilled in the art. 

One or more first matrix sections, one or more second matrix sections, 
one or more additional matrix sections are applied with their microstructured sur- 
faces against said support 60 in an order and an orientation that will conform with 
the desired result on a matrix and/or a plastic material produced. 

35 A sheet of nickel is chosen as support 60, said nickel sheet preferably 

consisting of a flat sheet with a polished surface 60a, like the surface of a mirror. 

Said first master or a first matrix section and said second master or a sec- 
ond matrix section, etc., are pressed against the support 60, at least while they 
are being covered by a first layer 7 by means not shown in detail. 
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The first matrix 51 or matrix section 51:1 has been provided with a first 
type of one among several selectable microstructures. 

The second matrix 52 or matrix section 52:1 has been provided with a 
second type of one among several selectable microstructures, and so on. 
5 In accordance with the present invention these microstructured surfaces 

51a, 52a may be covered with a thick wear layer. 

Figure 6 shows, somewhat exaggerated, that parts of a machined matrix 
material, such as the surfaces 71, 72, 51a and 52a, form islands in an applied 
layer 7. 

10 There is nothing to prevent a thin wear layer T (see Figure 8) from being 

applied on the surfaces 71 , 72, 51a and 52a, as well as the layer 7, after the ma- 
trix has been removed from the support 60. 

This thin wear layer T shall display an outer first wear surface 7a. (By 
"wear surface" 7a is here meant a surface against which the hot liquid plastic 
15 material shall be pressed and against which wear surface the plastic component 3 
shall be moulded before being fed out of the mould halves 1c, 1d.) 

This wear layer 7\ which forms the first wear surface 7a, shall be so thin - 
say up to 2 pm, that it will display a negative outer microstructure 2a correspond- 
ing directly to the positive microstructure 5a of the master 5. 
20 Persons skilled in the art are well aware that methods and procedures 

used here result in different thicknesses for the layer 7 and 7\ and a thickness 
and a method must be selected that are suitable for the chosen application. 

This first wear layer 7 and T could consist of a plastic composite or other 
hard material. However, the following description is aimed at illustrating this thin 
25 first metal layer or wear layer 7, T as a metal layer 7'. 

This metal layer 7, T can be applied using known technology, such as 
sputtering or vaporisation. 

In accordance with the invention the uppermost surface 7b of said thin 
metal layer 7 in Figure 6 will display microstructured parts 51 , 52 corresponding 
30 substantially to the irregularities 7b. 

In accordance with the invention, said irregularities 7b shall be filled in a 
second step with a chosen plastic composite 8\ The plastic compound for this 
plastic composite 8' shall be hot and thinly fluid so that it will be able to cover all 
the recesses 7c and so that the plastic composite can form a smooth upper sur- 
35 face 8a. 

Figure 6 illustrates an embodiment in which a plastic composite 8' is 
poured in in order to form a carrier 8 so that a small amount 8a' will be situated 
above the plane 6 and an imagined flat surface 8a, and the raised plastic material 
8a' can easily be removed by a mechanical plaining process. 
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The matrix 2, in the form of a carrier 8 and a thin first wear surface 7a, is 
applied in the movable mould half 1c, with the surface 2b (6) in contact with the 
surface 1c'. 

The invention also assumes that pouring in the plastic composite 8' to 
5 form a carrier 8 can very well be performed under pressure in a mould cavity in 
such a way that machining of the rear side will not be necessary. 

This third step in the manufacturing process is described in more detail 
with reference to Figure 11. 

Many opportunities for adaptation are offered by advocating the use of a 
10 plastic composite 8' and a carrier 8 formed therefrom. 

It is well known that various polymer materials and mixtures thereof mixed 
with different Tiller materials and mixtures thereof give different properties, and 
also that the curing process and curing time chosen affect the final properties of 
the plastic composite. 

15 These known directives offer a number of different possibilities applied on 

a matrix in accordance with the invention. 

It is thus possible to select a plastic composite 8' from a polymer material 
mixed with a filler, such as a quartz or metal-filled epoxy or silicon polymer. 

The present invention also proposes that the plastic composite 8* and a 
20 carrier 8 formed therefrom may be chosen with a coefficient of linear expansion 
and/or a heat transfer capability and/or a thermal capacitive capability suitable for 
a chosen process and/or nature of the machine used. 

The plastic composite 8' may be cured by the supply of heat and/or illumi- 
nation by means of UV light. These curing possibilities can be used with advan- 
25 tage so that the required degree of curing and rigidity of the plastic composite can 
be adjusted. 

There is nothing to prevent the plastic composite being selected from two- 
component types. 

Figures 9 and 10 illustrate that a selected plastic composite 8' for forming 
30 a carrier 8, placed against the hard metal layer 7 serving as a first wear surface 
7a, is selected with a suitably low heat transfer capability and/or a suitably high 
thermal capacitive capability so that this plastic composite 8' and carrier 8 will be 
able to serve as thermal insulation against the mould half 1c and thus keep the 
compression-moulded plastic compound material in the machine hot for the time 
35 required for producing the microstructured pattern 3a in the plastic component 3. 

In many cases, to ensure exact microstructure-related transfer, the heat 
and temperature of a compression-moulded plastic material must be retained in 
the plastic material without being passed over too quickly to the mould half 1c. 
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Also in accordance with the invention said matrix 2, as shown in Figures 9 
and 10, is coated with or applied on a second wear layer 9 with a second wear 
surface 9a. This layer 9 is coated on the surface 8a of the carrier 8 facing away 
from the metal layer 7, and may consist of a durable layer and/or a heat-insulating 
5 layer. 

The properties of this second wear layer 9 shall be to display a wear sur- 
face 9a with low friction against the surface 1c 1 of the mould half 1c, and high 
wear resistance, since the pressure between matrix 2 and mould half 1c is con- 
siderable during the moulding process and thermal stresses tend to displace the 
10 matrix 2 in relation to the mould half 1c. 

The second wear layer 9 may here advantageously consist of titanium ni- 
tride or DLC (Diamond-Like-Carbon). 

For certain applications there is nothing to prevent a chosen material for 
the second wear layer 9 also constituting the material for the thin fist wear layer 
15 7a, with a carrier 8 made of plastic placed between them. 

The thin metal layer 7 may be applied by means of a sputtering process 
and/or a vaporising process or, alternatively, a plating process. 

Figure 10 shows an alternative embodiment with a wear-resistant second 
wear layer 9, a carrier 8 formed from a plastic composite 8', and a thin first wear 
20 layer in the form of a metal layer 7, where a recess 22 having been added to the 
dimension shown in Figure 4 and an adjacent recess 24 having been chosen 
considerably deeper than the recess 22 without, however, departing from the sig- 
nificant features of the invention. 

Furthermore, a carrier 8 with carrier surface 8b for the thin first wear layer 
25 7 and/or this layer 7 may consist of a plastic composite 8' with a coefficient of lin- 
ear expansion and/or a heat transfer capability and/or a thermal capacitive capa- 
bility suitable for a chosen process and/or to the relevant embodiment of the in- 
jection-moulding machine used. 

The carrier 8 may also consist of a plastic composite that can be assigned 
30 different degrees of curing ability by supplying different degrees of heat and/or il- 
lumination by means of UV light. 

The carrier 8 may also consist of a material with low heat transfer capabil- 
ity and high thermal insulation and/or thermal capacitive capability. 

There is nothing to prevent the carrier 8 being reinforced using means 
35 known per se. The carrier 8 can thus be reinforced with an additional wear- 
resistant layer 9 on its surface facing away from the metal surface 7. 

Although the invention is described in the above embodiment by way of 
example in that a thin wear layer 7 is supported by a thicker plastic layer or carrier 
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8, it may be suitable in certain applications for these two wear layers to consist of 
the same plastic material. 

There is nothing to prevent allowing the wear layer 7 to harden first, pref- 
erably at a high degree of curing, and the supporting plastic layer or carrier 8 later, 
5 at a lower degree of curing. 

Figure 1 1 shows the possibility of applying the plastic composite 8' to a 
mould cavity 90 in the form of a mould 91 , by means of an overpressure from a 
ram 92 so that the surface 8a of the carrier 8 becomes flat, conforming with the 
surface section 91a of the mould 91. 
10 This flat surface 8a can now be applied directly against the support sur- 

face 1 c' of the mould half 1 c. 

As regards the thickness of the layer 7, a basic rule is that it shall be thick 
enough not to collapse or crack for a chosen number of casting cycles. In practice 
this means a thickness of 1-5 |jm. 
15 More generally, it is probably advisable for the thickness to be chosen 

between 1 and 50 |jm, preferably less than 20 pm. 

However, for certain applications layers as thin as about 0.1 pm can be 
accepted, depending partly on the choice of material in the carrier 8. 

The thickness of the wear layer 9 may be chosen between 1 and 50 pm, 
20 preferably less than 20 pm. 

The microstructure 2a may vary in depth between 0.1 and 1000 pm, pref- 
erably over 100 pm. 

Figure 12 shows an alternative embodiment of the application of the in- 
vention. 

25 A first matrix 121 with a fine microstructure 121a is manufactured in a first 

master (not shown), and a second matrix 122 with a coarse micro-structure 122a 
is manufactured in a second master. 

A surface section 121b is punched out of the matrix 121 and removed. 
A corresponding surface section 122b is punched out of the matrix 122 
30 and placed where the surface section 121b was previously. 

A matrix 123 has thus been created, in which large surface areas have a 
fine microstructure, with an island of a coarse microstructure. 

The method shown in Figure 12 involves the following process steps: 

1 . Manufacturing a first original with a fine microstructure, for instance, by means 
35 of lithography, with the aid of a laser, etching processes, precipitation, me- 
chanical micromachining. 

2. Manufacturing a second original with a coarse microstructure, for instance. 

3. Manufacturing a matrix (121 , 122) from the first and the second original. 
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4. Manufacturing a matrix original (123) containing parts of the first and the sec- 
ond matrices. 

It is here suitable to reinforce the matrix original with a carrier or form a 
matrix from the matrix original. 

The invention is naturally not limited to the embodiment described above 
by way of example, but may be modified within the scope of the inventive concept 
as defined in the appended claims. 
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CLAIMS 



1 . A method for the manufacture of a matrix provided with a microstructure 
on its surface, which microstructure is reproducible in a plastic material as an in- 

5 verted microstructure in a machine used, said microstructure being produceable 
by having a master with a microstructure on its surface coated with a layer, cha- 
racterized in that 

a) a first master, with a first chosen microstructure, is produced via a first method, 

b) a second master, with a second chosen microstructure, is produced via a sec- 
10 ond method, 

c) said first and second masters or matrices produced therefrom are applied with 
their microstructured surfaces adjacent, 

d) said first and second masters or equivalent are covered by a first layer per- 
taining to the matrix, 

15 e) said layer is covered by a thicker layer, a carrier, and 

f) said first and second first layer pertaining to the matrix and said carrier are re- 
moved from said masters or the equivalent, as a matrix-related unit. 

2. A method as claimed in claim 1 , characterized in that said first master is 
20 produced having a number of similar or dissimilar surface sections, and in that 

each of these, transferred to a matrix, is removed to form a first matrix section. 

3. A method as claimed in claim 1, characterized in that said second master 
is produced having a number of similar or dissimilar surface sections, and in that 

25 each of these, transferred to a matrix, is removed to form a second matrix section. 

4. A method as claimed in claims 1, 2 or 3, characterized in that one or 
more first matrix sections and one or more second matrix sections are applied 
with their microstructured surfaces against a support. 

30 

5. A method as claimed in claim 1 , characterized in that a sheet of nickel is 
chosen as the support. 

6. A method as claimed in claim 5, characterized in that said sheet consists 
35 of a flat sheet with polished surface, a mirror surface. 



7. A method as claimed in claim 1 , characterized in that said first matrix or a 
first matrix section, and said second matrix or a second matrix section, are 
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pressed against a support at least while they are being covered by a first wear 
layer. 

8. A method as claimed in claim 1 , characterized in that the first matrix or 
5 matrix section has been provided with a first type of one amongst several select- 
able microstructures. 

9. A method as claimed in claim 1, characterized in that the second matrix 
or matrix section has been provided with a second type of one amongst several 

10 selectable microstructures. 

10. A method as claimed in claim 1, characterized in that a carrier is formed 
by filling a mould cavity with a plastic composite. 

15 11. A method as claimed in claim 1 and claim 10, characterized in that the 
plastic composite is selected from a mixture of a polymer material and a filler ma- 
terial, such as quartz or metal-filled epoxy or silicon polymer. 

12. A method as claimed in claim 1, characterized in that the plastic com- 
20 posite and the carrier formed are chosen with a coefficient of linear expansion 

and/or a heat transfer capability and/or a thermal capacitive capability suitable for 
a chosen process in the injection-moulding machine. 

13. A method as claimed in claim 1 or claim 10, characterized in that the 

25 plastic composite is cured by the supply of heat and/or by being irradiated by UV 
light. 

14. A method as claimed in claim 1 or claim 1 1 , characterized in that the 
plastic composite is selected from two-component types. 

30 

15. A method as claimed in claim 1 or claim 10, characterized in that a plas- 
tic composite, under a hard first wear layer, is selected with a suitable heat trans- 
fer and/or thermal capacitive capability for keeping the plastic compound pressed 
out in the machine hot. 

35 

16. A method as claimed in claim 1 or claim 10, characterized in that said 
matrix is coated with a second wear layer on the surface facing away from the 
surface of the first wear layer. 
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17. A method as claimed in claim 1, claim 10 or claim 16, characterized in 
that said first wear layer and/or said second wear layer consist of titanium nitride 
or DLC (Diamond-Like-Carbon). 

5 18. A method as claimed in claim 1 or claim 10, characterized in that said 
thin first wear layer is in the form of a metal layer and is applied by means of a 
sputtering process and/or a vaporising process or, alternatively, a plating process. 

19. A method as claimed in claim 1, claim 10 or claim 18, characterized in 
10 that the first wear layer and/or metal layer is selected having a thickness adapted 

to stipulated requirements. 

20. A method as claimed in claim 1, or claim 10, characterized in that the 
surface structure of the plastic composite on the surface facing away from the 

15 wear and/or metal layer, is machined flat. 

21 . A matrix provided with a microstructure on its surface, which microstruc- 
ture is reproducible in a plastic material as an inverted microstructure in a ma- 
chine used, said microstructure being manufactured by having a master with a 

20 microstructure on its surface coated with a layer, characterized in that said mi- 
crostructure consists of microstructured surfaces of a first and a second master, 
or matrices produced therefrom, which surfaces are oriented adjacent each other, 
in that said first and second masters or equivalent are covered by a first layer 
pertaining to the matrix, and in that said layer is covered by a thicker layer, a car- 

25 rier. 

22. A matrix as claimed in claim 21 , characterized in that said first master- 
related surface sections pertaining to the matrix are produced having a number of 
similar or dissimilar surface sections, and in that each of these, transferred to a 

30 matrix, is removed to form a first matrix section. 

23. A matrix as claimed in claim 21 , characterized in that said second mas- 
ter-related surface sections pertaining to the matrix are produced having a num- 
ber of similar or dissimilar surface sections, and in that each of these, transferred 

35 to a matrix, is removed to form a second matrix section. 

24. A matrix as claimed in claim 21 , claim 22 or claim 23, characterized in 
that one or more first matrix sections and one or more second matrix sections are 
applied with their microstructured surfaces supported against a support. 
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25. A matrix as claimed in claim 21 , characterized in that the first matrix or 
matrix section has been provided with a first type of one amongst several select- 
able microstructures. 

26. A matrix as claimed in claim 21 , characterized in that the second matrix 
or matrix section has been provided with a second type of one amongst several 
selectable microstructures. 
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